Introduction
[1] S. L. Chen et al., J. Appl. Phys. 36, 2363 (1965) The triple Langmuir probe (T-LP) method [1] enables us to obtain the electron temperature (Te), electron density (ne), space potential (Vs) and their fluctuations with high time and spatial resolutions. These plasma parameters can be derived from the simultaneous measurements of the potential signals (Vf and Vp) and ion saturation current (Iis), where Vf and Vp stand for the floating potential and the plus-biased potential respectively. No current flows in the electrodes are assumed as a simple case.
In the edge and diverter regions of high temperature plasmas or the low temperature and density plasmas produced at the low magnetic field (< 0.1 T), I is is a fairly low value.
In these situations, the current flow in the circuit of V f and V p is comparable to I is , and cannot be neglected.
For the purpose of the reduction of these circuit current, the high load resistor may be adopted. However, the frequency response of T-LP is significantly degraded.
In this paper, the effect of the finite current in the potential measurements of V f and V p on T e evaluation is discussed and a new relation to derive T e with the correction is derived.
An appropriate circuit resistor for the potential measurements is accessed so that T e can be derived without large correction and having high frequency response of the probe circuit for fluctuation measurements. The potential signals V f1 , V f2 and V p are measured through relatively high load resistance such as R f and R p , to meet the requirement of no-current flow.
The ion saturation current I is is measured through low load resistance to avoid appreciable voltage drop of biasing voltage. 
The current flow into each tip T1 to T5 consists of electron and ion currents and is expressed as, 
or
If the bias voltage between the T 1 and T 2 (T 3 ) is higher than T e by several times (V d2 >> T e , V d3 >> T e ), then e φVd2~ 0 and eφVd3~ 0 are satisfied. Then, the equation (2) reduces to a simpler one as, 
From the current conservation, the relation of current is I 1 + I p = I 2 + I 3 . If I p and I 4 are negligibly small compared to I 1 , I 2 , I 3 , then I p and I 4 can be set to be 0. In eq. (3), Therefore, I 1 is eliminated using this current relation as,
From eq. (4), electron temperature T e is derived using measured quantities V p , V f1 , V f2 as,
Electron density n e n e = βI is T e -1/2 / S α : a constant depending on plasma species; α~ 3.3 for hydrogen plasma β : constant depending on plasma species and ion temperature I is : an averaged ion saturation current, that is, I is = (I is1 + I is2 ) / 2 S : a collection area of ion saturation current 
From eq. (6), T e is derived as,
This equation is converted to eq. (7), using measured quantities V f1 , V f2 , V p , I is1 and I is2 as,
V s_cor = V f + αT e_cor n e_cor = βI is T e_cor
Corrected electron temperature
Corrected space potential Corrected electron density
The effect of the T e -correction on V s would be relatively large, compared with that in n e .
Experimental test of the finite circuit current effect on parameter measurements by a triple Langmuir probe
Langmuir probe can be inserted from edge region to core region without a large disturbance and damage from plasma. hydrogen plasma
Radial profiles of T e , V s , n e derived w/o and with the correction using the resistors of R f = R p = 10 kΩ T e_cor is larger by about 20 -30 % in core region with relatively high n e and by about 1.5 to 2.5 times in the low density plasma edge.
The plasma potential V s is also increased by the T e correction.
The radial profile of V s was appreciably modified and the profile of the radial electric field was also modified appreciably.
On the other hand, n e slightly decreased.
On the reproducible plasma discharges, the Langmuir probe radially was moved for the measurement of the radial profiles, shot by shot.
Discussion and an example of measurement in the edge region of high temperature and density plasma
If we stress measurements of equilibrium parameters of T e , n e and V s and their low frequency fluctuations up to 100 kHz, the resistance of 100 kΩ would be appropriate for above mentioned CHS plasmas.
If we stress fluctuation measurement in relatively high density plasma, the relatively low resistance of 10 kΩ will be acceptable. The resistors of 10 kΩ and 100 kΩ were adopted and the correction of T e is less than 10% for both resistors even outside the last closed flux surface because the electron density is in the range more than 10 18 m -3 [6] .
Fluctuations up to 100 kHz were successfully obtained.
In the experiments of H-mode plasmas produced at high toroidal field of ~1 T in CHS
Using 10 k Ω
Summary
We have accessed the effect of finite current which flows an electrical circuit for V f or V p measurement in a triple Langmuir probe, and derived the new equation to evaluate T e using signals obtained by T-LP.
This correction was experimentally investigated in low temperature plasmas produced at very low toroidal field (< 0.1 T) where electron density is in the fairly low density range of ~10 17 m -3 .
For this low density plasma in CHS, the resistor of 100 kΩ in the measurement circuit of V f or V p was appropriate for suppressing the circuit current and ensuring sufficiently high frequency response up to 100 kHz for fluctuation measurements.
In the edge region of relatively high density plasmas produced at higher toroidal field, the resistor of 10 kΩ is also acceptable for suppressing the current flow and having high frequency response.
